OPEN 3 ACCESS Freely available online 



■0-PLOS I o-^E 



Sex Differences in Wild Chimpanzee Behavior Emerge 
during Infancy 

Elizabeth V. Lonsdorf^'^% A. Catherine Markham^ IVIatthew R. Heintz^'^ Karen E. Anderson^ 
David J. Ciuk^ Jane Goodall^, Carson IVI. Murray^ 

1 Department of Psychology and Biological Foundations of Behavior Program, Franklin & Marshall College, Lancaster, Pennsylvania, United States of America, 2 Lester E. 
Fisher Center for the Study and Conservation of Apes, Lincoln Park Zoo, Chicago, Illinois, United States of America, 3 Center for the Advanced Study of Hominid 
Paleobiology, The George Washington University, Washington, DC, United States of America, 4 Committee on Evolutionary Biology, University of Chicago, Chicago, Illinois, 
United States of America, 5 Department of Government, Franklin & Marshall College, Lancaster, Pennsylvania, United States of America, 6The Jane Goodatl Institute, 
Vienna, Virginia, United States of America 



Abstract 

The role of biological and social influences on sex differences in human child development is a persistent topic of discussion 
and debate. Given their many similarities to humans, chimpanzees are an important study species for understanding the 
biological and evolutionary roots of sex differences in human development. In this study, we present the most detailed 
analyses of wild chimpanzee infant development to date, encompassing data from 40 infants from the long-term study of 
chimpanzees at Gombe National Park, Tanzania. Our goal was to characterize age-related changes, from birth to five years 
of age, in the percent of observation time spent performing behaviors that represent important benchmarks in nutritional, 
motor, and social development, and to determine whether and in which behaviors sex differences occur. Sex differences 
were found for indicators of social behavior, motor development and spatial independence with males being more 
physically precocious and peaking in play earlier than females. These results demonstrate early sex differentiation that may 
reflect adult reproductive strategies. Our findings also resemble those found in humans, which suggests that biologically- 
based sex differences may have been present in the common ancestor and operated independently from the influences of 
modern sex-biased parental behavior and gender socialization. 
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introduction 

Sex differences in behavior and developmental trajectories in 
human children are of great interest to researchers in a variety of 
fields of study. A persistent topic of discussion and debate is the 
relative contribution of biological versus social influences to such 
differences (reviewed in [1]) including how they may be driven by 
differential treatment by parents and teachers [2]. Given the 
potential effect of cultural and social influences on child 
development, non-human primates, and chimpanzees [Pan troglo- 
dytes ssp.) in particular, are an important study species for 
understanding the biological and evolutionary roots of sex 
differences in human development. Chimpanzees and humans 
have many genetic similarities [3] as well as similarities in 
physiology and growth [4]. Chimpanzees also share behavioral 
and developmental characteristics with humans, including a 
fission-fusion social system [5,6,7] and a relatively long period of 
nutritional and social dependency [8]. Moreover, the mother- 
infant relationship is of exceptional importance for developing 
chimpanzees given the lengthy period of dependence and lack of 
overt paternal care ([9], but see [10]). 

Wild chimpanzee communities [1 1] are multi-male, multi- 
female and are characterized by a male dominance hierarchy in 



which philopatric males form the stable core of the community 
and defend a group territory [5] . Within these communities, adult 
male and female chimpanzees show distinct sex differences in 
behavior. These include differences in feeding and ranging 
patterns [12], such that females typically range and feed in small 
overlapping core areas [13] while males range more broadly 
throughout the territory. Additional sex differences in foraging 
include a female-bias towards gathering insects via tool use, and a 
male-bias towards hunting of vertebrate prey [14,15]. In East 
African chimpanzees (Pan troglodytes schweinfurthii), there are distinct 
sex differences in sociality, such that adult females are significandy 
less gregarious than adult males, spending much of their time 
accompanied only by their dependent offspring (Gombe: [13], 
Kanyawara: [16], Mahale: [17]). As such, male-male dyads have 
stronger association indices than female-female dyads [18]. Male 
chimpanzees also participate in more direct physical aggression 
than females, both within communities during competition for 
dominance status and between communities during cooperative 
territorial defense [19,20]. 

Previous research has described the general pattern of wild 
chimpanzee development. Physical contact with the mother 
characterizes most of the first two years of life [9] . Offspring are 
nutritionally dependent on their mother through infancy vmtil 
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weaning between the ages of 3 to 5, but remain behaviorally 
dependent (i.e. continually traveling and socializing with) through 
the juvenile years, until at least the age of 8 [11]. Only after the 
age of 10 years do most chimpanzees start to spend the majority of 
time away from their mother [8,21] although it is not uncommon 
for adult chimpanzees (those over 12) to spend a significant 
amount of time with their mothers. In terms of physical growth, a 
long-term analysis of weight data from Gombe, Tanzania, showed 
that female chimpanzees are slighdy lighter than males up to age 
10, when adult dimorphic patterns begin to emerge and eventually 
result in a male/female body mass ratio of 1.25 [22]. 

Investigations of infant chimpanzee behavioral and social 
development and any sex dilferences therein have been more 
limited. Goodall [9] first outlined the t}'pical stages of behavioral 
and social development of wild infant chimpanzees using a sample 
of four individuals through the first six months of life. Later stages 
of development were also described, although with small samples 
size at each stage. Clark [23] reported on mother-infant 
interactions surrounding weaning in six mother-infant pairs and 
Nicholson [24] compared the behavior of three captive mother- 
infant pairs with one wild pair. Subsequendy, Plooij [25] and Ritj- 
Plooij and Plooij [26] focused on a cohort of six mother-infant 
pairs up to the age of 30 months but had limited ability to test for 
sex differences due to small sample sizes. Hiraiwa-Hasegawa [27] 
described age-related changes in nursing, and mode of transport 
(carr}'ing versus independent traveling) in 16 wild mother- infant 
pairs from birth to 6 years of age, but did not find any sex 
differences in the development of those behaviors. Brent [28] 
investigated the effect of siblings on social relationships in infant 
chimpanzees from birth to 24 months and found suggestive, but 
not significant, differences in social behaviors such that males were 
slightly more social than females. Lonsdorf et al. [29] found sex 
differences in learning of a complex tool-use skill known as 
'termite-fishing' such that infant female chimpanzees acquired the 
skill up to two years earlier than infant males. More recently, 
Lonsdorf et al. [30] documented sex differences in social behavior, 
showing that infant males have more social partners than infant 
females during the time period associated with their first 
independent forays into the social group (30-36 months). 

In this study, we present the most detailed analyses of wild 
chimpanzee infant development to date, encompassing data from 
40 infants from the long-term study of chimpanzees at Gombe 
National Park, Tanzania. Our goal was to characterize age-related 
changes, from birth to 5 years of age, in the percent of observation 
time spent performing behaviors that represent important 
benchmarks in nutritional, motor, and social development, and 
to determine whether and in which behaviors sex diflFerences 
occur. We analyzed the percent of time (out of total observation 
time) each infant spent performing certain behaviors in each age 
block (described below). This 'activity budget' approach was 
preferred over an approach focusing on first appearance of 
behaviors given our interest in changes in behavior over time. The 
bcha\ iors of interest represent a range of social and behavioral 
developmental indicators. We analyzed both suckling and eating 
solid food to investigate the development of nutritional indepen- 
dence. Time spent in social and solitary play, and social and self- 
grooming was analyzed to examine patterns of social development. 
We used the percent of time spent in three different behaviors to 
investigate physical/locomotor development: independent travel- 
ing (walking while their mother was also walking), riding ventraUy 
on the mother's belly (performed by very young infants) and riding 
dorsaUy on the mother's back (performed by older infants) [9] . We 
also analyzed spatial independence by calculating the percent of 



time (out of total observation time) each infant spent in one of five 
estimated distance categories from the mother. 

In addition to characterizing the average developmental 
trajectories of key behaviors for wild chimpanzees, our aim was 
to investigate the role of sex differences. Wc hypothesized that the 
well-documented sex differences in adult chimpanzee behavior 
would begin to emerge during infancy. Specifically, given the male 
bias towards gregariousness in adults [13,16,17], we hypothesized 
that male infants would spend more time in social behaviors, such 
as grooming and playing. Since physical interaction is a hallmark 
of adult male dominance behaviors [5] , we hypothesized that male 
infants would show earlier physical and motor development, as 
measured by switching from riding on the belly to riding on the 
back, and travelling independentiy. In contrast, we made no 
prediction regarding sex differences for suckling or eating, given 
that previous studies of nursing in wild chimpanzees [27] reported 
no difference. Food acquisition is arguably of critical import to 
support the somatic growth of both males (for dominance 
interactions) and females (for reproduction). 

Materials and Methods 

Study Site 

Gombe National Park is a small (35 km^) park, located on the 
western border of Tanzania (4.6667" S, 29.6333''E) and is home to 
three communities of chimpanzees. Our study focused on the 
Kasekela community which ranges in the center of the park and 
has been studied continuously since 1960. These chimpanzees are 
habituated to human observers, are individually recognized, and 
matrilineal kinship is known for as many as four generations. 
Historically, the Kasekela community has ranged in size from 38 
to 64 individuals, with age-sex classes ranging from 6-14 adult 
males, 12-25 adult females, 6-14 subadult (<12 years of age) 
females and 7-15 subadult males. 

Ethics Statement 

This study was completely observational in nature and the 
chimpanzees are well-habituated to human observation. Permis- 
sion to conduct behavioral data collection at Gombe National 
Park was granted and approved by the relevant governing bodies 
in Tanzania: Tanzania National Parks, the Tanzanian Wildlife 
Research Institute, and the Tanzanian Commission for Science 
and Technology (permit # 2013-1 15-ER-2009- 184). 

Behavioral Data Collection and Study Subjects 

Detailed mother-infant behavioral data have been systemati- 
cally collected on members of the Kasekela community since 1970. 
Focal follows on mother-infant pairs are conducted by two 
researchers who work in a team to record 1 -minute point samples 
on the mother, her youngest offspring, and (when possible) 
observable older siblings. These point samples indicate proximity 
between the mother, infant and sibling (see distance categories 
below) and on-the-minute occurrence of various behaviors. For the 
analyses presented here, we focused on the following behaviors, as 
defined by the Gombe chimpanzee glossary (the Jane GoodaU 
Institute, unpublished records): 

1) Suckling - Infant's mouth is in contact with the nipple. 

2) Eating - Ingc-stion of solid food. 

3) Solitary play - Includes swinging in a tree, somersaults, 
pirouettes, stamping and play-walk. May include an object 
(e.g. tossing, tumbling and self-tickle with a detached object). 

4) Social play - Non-aggressive interaction between two or more 
individuals that include one or more of the following: tickling, 
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wrestling, chasing, kicking, rubbing, thrusting, biting, or 
pulling. May incorporate an object (e.g. tugging of sticks 
back and forth). 

5) Social groom — Parting of another individual's hair with 
hands, fingers and/or lips and removal of debris or 
ectoparasites. 

6) Self-groom - As above but performed on self. 

7) Travel - Continuous movement from one point to another. 

8) Riding ventrally - The infant is transported as it clings to the 
mother's belly, gripping hair between flexed fingers and toes. 

9) Riding dorsaUy - The infant is transported as it lays or sits on 
the mother's back. 

For these analyses, we focused on infancy, from birth to 5 years 
of age. For statistical analyses, this time period was broken into age 
blocks that were comprised of 60 days during the first year (to 
capture the more rapid changes that occur), and 90 days 
thereafter. Based on these time blocks we set an inclusion criterion 
for individual infants of at least 10 hours of data for each 60-day 
block for the first year, and 15 hours of data for each 90-day block 
thereafter. Applying these criteria, we included a total of 1 5 female 
and 25 male ofispring, with mean (+/— SD) observation minutes 
per block of 1474 (+/-636) and 1343 (+/-408), respectively. 
These data were collected from 1988 to 201 1. 

Developmental and Spatial Independence Metrics 

We analyzed the percent of time (out of total observation time) 
each infant spent performing certain behaviors in each age block 
(described above). Minutes during which the infant was out-of- 
view were excluded. To examine spatial independence, we 
analyzed the percent of time (out of total obser\'ation time) each 
infant spent in one of five estimated distance categories: (1) 
contact, (2) within arm's reach, (3) arms reach to 5 m, (4) 5 to 
15 m, (5) greater than 15 m. We collapsed distance categories into 
a single continuous variable by assigning the midpoint of each 
category to each point sample and computed a weighted average. 
The assign(;(l mi(lj)oints were Om, 0.5 m, 3 m, 10 m, and 15 m 
respectively. Since distance category 5 does not have a midpoint (it 
is not bounded by an upper limit on distance), we used 15 m so as 
to compute the most conservative estimates. We then analyzed this 
continuous distance variable using GLMMs as described below. 

Statistical Analyses 

Our analyses focused on how time spent in different behaviors 
changed with age, and whether these changes differed by infant 
sex. For behaviors that could be modeled using linear effects we 
used Statistical Analysis Software \Trsi()n 9.2 (SAS; Gary, NC). 
Because there were multiple and unbalanced numbers of data 
points from each offspring, we used a mixed model format (PROC 
MIXED) in order to include a random effect for each infant. For 
behaviors that could not be modeled using linear effects, we used 
generalized additive mixed models (GAMMs), using the mgcv 
package in R (version 3.0.1, R Gore Development Team 2013). 
These models fit smooth functions to non-linear data and also 
allow the inclusion of random effects for repeated measures on the 
same subject. A generalized additive model (GAM) is a generalized 
linear model with a linear predictor involving a sum of smooth 
functions of covariates. A generalized additive mixed model 
(GAMM) is an extension of the GAM that allows the inclusion of 
random effects for repeated measures on the same subject. Just as a 
GAM is an extension of a GLM, a GAMM is an extension of a 
GLMM [31]. 



Results 

For ease of visualization and interpretation. Table 1 and all 
figures display summary statistics for six-month age blocks. We 
conducted statistical analyses on narrower time blocks as described 
abo\'e. Ilercaftc'r, \vlu'n referring to j)atterns at particular ages, we 
will use the age at the start of the block to refer to a six month time 
period (e.g. 'age 2' refers to the six month time block from age 2 to 
2.5 years). 

Suckling and Eating 

Suckhng did not show a significant change with age or sex, with 
mean percent of time observed suckling ranging from 2—3.71%. 
The percent of observation time spent dedicated to eating solid 
food increased significandy with age (Fj 34 = 278.91, p<0.0001), 
from an average of 0% of time in the first six months to 49.09% of 
observation time at 4.5 years (see Table 1). The effect of sex was 
not significant. 

Social and Solitary Play 

When fitted with GAMMs, the best fit model for percent time 
spent in social play was one in which separate smooth curves were 
fit to age for each sex, which is analogous to an age by sex 
interaction in a general linear model (smooth over age for both 
males and females p<0.001, adjusted R^ = 35.3%). Table 1 shows 
that overall, social play pc'aks during infanc)' at around age 2, with 
15.16% percent of observation time on average spent playing with 
others. However, Figure 1 shows that male infants have increased 
amounts of social play when compared to female infants at earlier 
ages and that female infants' peak in time dedicated to social play 
is later. Solitary play shows no such sex difference. The best fit 
GAMM model is a smooth over age only (p<0.001, adjusted 
r2 _ 4404|') Figure 2 shows that solitary play peaks for both males 
and females in the age class beginning at 1 year at 21.78% and 
reduces to below 5% of observation time by age 4. 

Social and Self-grooming 

We used GLMMs to analyze grooming behaviors. The percent 
of observation time dedicated to social grooming increased 
significandy with age (Fi 34 = 30.8, p<0.0001), from an average 
of 0% of time in the first six months to 3.07yo of observation time 
at age 4.5 years (see Table 1). Self-grooming occurred at very low 
levels overall, but stiU increased significandy with age 
(Fi_34= 19.91, p<0.0001) from an average of 0% of time in die 
first six months to an average of 0.51% of time at age 4.5 years. 
The effect of sex was not significant. 

Riding and Travel 

We used GLMMs to model the percent time spent riding 
ventrally. Age was significant (Fi;54 = 233.2, p<0.0001), while sex 
was marginally significant (Fi i4!5 = 3.86, p = 0.05 12). We used 
GAMMs to model the percent time spent riding dorsaUy. The best 
fit model for percent time spent riding on the back included a 
smooth over age (p<0.001) and a fixed effect for sex (p = 0.0843, 
adjusted R^ = 50.3%). Figures 3 and 4 show the sex difference. 
Male infants reduce the time they spent riding ventrally and 
increase the time spent riding dorsaUy earlier than female infants. 
We used GLMMs to model percent of time spent traveling 
independentiy, and both age (Fi_34= 109.34, p<0.0001) and the 
age by sex interaction (Fi 1415 = 10.52, p = 0.0015) were significant. 
Figure 5 shows that male infants begin to travel independentiy 
earlier than females, and do so more at later ages. 
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Spatial Independence 

We used GLMMs to analyze the effect of age and sex on a 
weighted estimate of distance between mother and offspring. Both 
age (Fi 33 = 142.75, p<0.0001) and the age by sex interaction 
(Fi, 1.^)2 = 5.96, p = 0.0158) were significant. Figure 6 shows that 
male infants begin to show increased distance from their mothers 
at age 3 and continue to be at farther distances than female infants 
thereafter. 

Discussion 

This study provides the most complete description of wild infant 
chimpanzee developmental trajectories to date and offers an 
important point of comparison for other studies of human and 
non-human primate development. Sex differences between male 
and female chimpanzee infants were apparent in some, but not all, 
of the behaviors we analyzed. For example, no sex difference was 
apparent for suckling which also did not decrease predictably with 
age. While perhaps counterintuitive, this result complements that 
of suckling percentages found at other sites (Kanyawara: [32], 
Mahale: [27]) in showing that chimpanzee infants continue 
suckling well after the introduction of solid food into the diet. 
This suggests that suckling may fulfill a combination of nutritional 
and social (comfort-related) needs. Additionally, the relationship 
between suckling and actual volume of milk intake is currently 
unknown for wild chimpanzees and recent research in other 
primate species has found that both milk volume and milk 
composition vary according to sex of the infant [33,34]. As such, 
the nutritional importance of suckling requires further research. 
Similarly, no sex differences were found in the amount of time 
dedicated to eating solid food, which increased predictably with 
age to approximately 50% of observable time by age five. 
Socioecological theory predicts [12] and long-term studies have 
documented that female reproductive success is limited by access 
to food [13,16,35] while male reproductive success is limited by 
access to females [36,37]. Therefore, food intake during infancy 
may be equally important to support somatic growth for 
developing male offspring to support male-male competition, 
and female offspring to support earlier age of first reproduction. 
Future studies should attempt more detailed nutritional analyses to 
determine whether specific differences exist in the types of food 
consumed by male and female infants or if differences emerge later 
in development. 

While sex differences in play are fairly widespread in juvenile 
primates (reviewed in [38]), less is known about sex differences in 
infancy. In blue monkeys [39] and olive baboons [40], male 
infants play for longer periods of time than female infants, while in 
rhesus macaques, male infants show more rough-and-tumble play, 
chasing play, and play initiation [41] . Our data suggest that play is 
an important part of chimpanzee infancy given that together, 
soHtary and social play comprise upwards of 30% of an infant's 
observation time in some years (see Table 1). Sex differences were 
apparent in social, but not solitary play, with males dedicating 
more time at earlier ages to social play and females peaking in 
percent of time engaged in social play later. As described 
elsewhere, male infants aged 30-36 months show a more diverse 
set of social partners [30] and are particularly biased towards 
interacting with adult males. These complementary lines of 
evidence may reflect the relative importance of socialization for 
young males given the importance of social dominance in 
adulthood. Both males and females show a decline in amount of 
play in late infancy, which may be related to weaning conflict. 
Further research on play rates during juvenility will allow us to 



PLOS ONE 



I www.plosone.org 



4 



June 2014 | Volume 9 | Issue 6 | e99099 



Sex Differences in Wild Chimpanzee Infant Development 




Figure 1. Mean percent of observation time spent in social play for male and female infants. 

doi:! 0.1 371/journal.pone.0099099.g001 



better understand the relationship between play during develop- 
ment and adult sex-specific social behavior. 

Our results cast an important, comparative light on sex 
differences in social development and play in human children, 
which have been documented through a variety of metrics. Girls 
tend to outperform boys in the realm of prosocial behavior, even at 
very young ages. For example, female neonates prefer looking at 
pictures of a face, while male neonates prefer looking at pictures of 
a mobile [42], suggesting an innate sex difference in preferences 
for social versus mechanical objects. In addition, girls establish and 
maintain eye contact more than boys [43] and engage in more 
play parenting [44] . However, play parenting differences become 
more marked in juvenility and beyond [45] and are likely heavily 
influenced by parents, who more often assign child-care roles to 
girls [46] . In studies of peer social play, researchers have found a 
male-bias towards larger amounts of play [47] and more rough 



and tumble play by age 3 [48]; these sex differences continue to 
increase through juvenility and beyond. Our fuU dataset did not 
differentiate play types, so future research is needed to explore sex 
differences in play type and partners. Such data wiU allow a more 
complete comparison between human and non-human primate 
play trajectories. 

In contrast, self- and social grooming accounts for exceptionally 
small amounts of a chimpanzee infant's observed time and there 
were no apparent sex differences. Sex differences in grooming 
have been found in other primate infants. In rhesus macaques [49] 
female infants groom others more than males in the first year of 
life, and grooming continues to develop along sex-specific social 
hnes through puberty and early adulthood. Human girls also 
engage in more grooming than boys [47]. As pointed out by 
Roney & Maestripieri [49], sex differences in grooming by young 
primates are adapted to and reflect the particular social structure 




Age (years) 



Figure 2. Mean percent of observation time spent in solitary play for male and female infants. 

doi:1 0.1 371/journal.pone.0099099.g002 
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Figure 3. Mean percent of observation time spent riding ventraliy for male and female infants. 

doi:1 0.1 371/journal.pone.0099099.g003 



of the species. For chimpanzees, grooming likely becomes more 
important during the juvenile and adolescent years, when 
individuals are beginning to ascend their respective dominance 
hierarchies and sex-specific grooming relationships begin to 
difTerentiate [8]. 

Precise physical and motor developmental changes are hard to 
measure in wild chimpanzees, although advances have been made 
in investigating skeletal remains [50] and using photographic 
techniques [32]. Here we used changes in riding posture and 
independent traveling as proxies for motor development. Males 
switch from riding ventraliy (the more immature mode of travel) to 
riding dorsally earlier than females. Male infants also begin 
traveling independendy earlier and spend more time traveling 



independendy than females overall. This is in contrast to the 
earlier findings of Hiraiwa-Hasegawa [27], however, our larger 
dataset with more individuals per age and newer statistical 
techniques may have allowed for more detailed analyses. These 
data are linked with and mirrored in the results for distance, which 
is a measure of increasing spatial independence. Male infants are 
at farther distance from their mother by age 3 and remain at 
greater distances than females up to age 5. Pusey [21] found 
similar differences in proximity in juveniles and adolescents; male 
juveniles spent less time than females within 15m of their mothers 
and also spent greater amounts of time 'leading' their mothers 
during travel. Thus, faster motor development in males as 
measured by riding position is followed by earlier and more 
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Figure 4. Mean percent of observation time spent riding dorsally for male and female infants. 
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Age (years) 



Figure 5. Mean percent of observation time spent traveling independently for male and female infants. 

doi:l 0.1 371/journal.pone.0099099.g005 



independent traveling and greater spatial independence from their 
mothers. These differencxs in infancy then persist through the 
juvenile and adolescent stages of development. 

Taken together, these results complement findings from the 
human literature on sex differences in activity levels and 
independence from the mother. For example, infant boys have 
increased motor activity level compared to infant girls [51] and 
showed more leg activity both ante- and neonatally than girls [52]. 
Sex differences in achievement of motor milestones by age 24 
months have not been found in human children [53]. However, by 
preschool and grade school, males outperform females on the 
majority of gross motor tasks studied [54]. With regards to earlier 
independent traveling and spatial independence, our results 
parallel those found in human studies in that boys spend more 



time away from their mothers than girls [47] and engage in more 
risk-taking behaviors [55]. 

In sum, we have characterized the average developmental 
trajectories of several key behaviors in a large sample of wild 
chimpanzees. We found sex differences in social play, motor 
development and spatial independence that are consistent with 
adult sex-specific social roles in chimpanzees and parallel similar 
patterns found in humans. Further detailed investigations of types 
of play and play partner preferences are warranted. We did not 
find any sex differences for suckling or eating, but future studies 
would be useful to gain more precise measurements of nutrient 
intake. We also did not find any sex differences in grooming, 
which may become more apparent later in development. Our 
similar, albeit not precisely comparable, findings in wild 
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Figure 6. Mean weighted distance measure (in meters) by age of female and male infants. 
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chimpanzees suggests that some biologically-based sex difTerences 
in behavior may have been present in the common ancestor of 
chimpanzees and humans, and operated independendy from the 
influences of modern sex-biased parental behavior and gender 
socialization. Future research will allow us to understand whether 
variation from these trajectories are influenced by particular 
maternal characteristics (rank, parity, and/ or maternal style) and/ 
or result in differing outcomes for offspring. 

Acknowledgments 

The authors thank the Jane Goodall Institute and Tanzania National Parks 
(TANAPA) for initiating and continuing the over 50-year research tradition 
at Gombe. In addition we thank the Gombe Stream Research Centre 
assistants for collecting behavioral data. Thanks are due to Marisa 

References 

1 . Mclntyre MH, Edwards CP (2009) The early development of gender differences. 
Ann Rev Anthropol 38; 83-97. 

2. Witt SD (1997) Parental influence on children's socialization to gender roles. 
Adolescence 32: 253-259. 

3. Chimpanzee Sequencing and Analysis Consortium (2005) Initial sequence of the 
chimpanzee genome and comparison with the human genome. Nature 437: 69— 
87. 

4. Smith BH (1992) Life history and the evolution of human maturation. Evol 
Anthropol 1: 134-142. 

5. Goodall J (1986) The Chimpanzees of Gombe: Patterns of Behavior. 
Cambridge, MA: Harvard University Press. 

6. Nishida T (1968) The social group of wild chimpanzees in the Mahale 
Mountains. Primates 9: 167-224. 

7. Marlowe RW (2005) Hunter-gatherers and human evolution. Evol Anthropol 
14: 54-67. 

B. Puscy AE (1990) Behavioral changes at adolescence in chimpanzees. Behaviour 
115: 203-246. 

9. GoodallJ (1967) Morher-oli'spring relationships in chimpanzees. In: Morris D, 
editor. Primale i'Llholcjgv. London: Weiclenfelcl & Nieolson. 287-345. 

10. Lehmann J, Fiekenseher (j, Boeseh C (2006) Kin biased investment in wild 
chimpanzees Beha\'iour 143: 931-955. 

11. Goodall, J. 1968. The behavior of free-living chimpanzees in the Gombe Stream 
Reserve. Anim Behav Monog 1: 161—311. 

12. Wrangham RW, Smuts BB (1980) Sex differences in the behavioral ecology of 
chimpanzees in the Gombe National Park, Tanzania. J Reprod Fertil Supp 28: 
13-31. 

13. Murray CM, Sandecp VM, Pusey AE (2007) Dominance rank influences female 
space use in wild chimpanzees [Pan troglodytes): towards an ideal despotic 
distribution. Anim Behav 74: 1795-1804. 

14. MeGrew WG (1979) Evolutionary' implications of sex dillerenees in chimpanzee 
predation and tool use. In: Hamburg DA, McCown ER, editors. The Great 
Apes. London: Benjamin Cummings. 441^63. 

15. Gilby IC, Eberly LE, Pintea L, Pusey AE (2006) Ecological and social influences 
on the hunting behaviour of wild chimpanzees. Pan troglodytes schzvemjurthu. Anim 
Behav 72: 169-180. 

16. Emery Thompson M, Kahlenberg SM, Gilby IC, and Wrangham RW (2007) 
Core area quality is associated with variance in reproductive success among 
female chimpanzees at Kanvawara, Kibale N;itional Park. Anim Behav 73: 501— 
512. 

17. Hasegawa T (1990) Sex dillerenees in ranging patterns. In: Nishida T, editor. 
I'he Chimpanzees of Mahale. I'okyo: University of Tokyo Press. 100-114. 

18. Gilby IC, Wrangham RW (2008) Association patterns among wild chimpanzees 
{Pan troglodytes schwemfurthii) reflect sex differences in cooperation. Behav Ecol 
Sociobiol 62: 1831-1842. 

19. MuUer MN, Mitani JC (2005) Conflict and cooperation in wild chimpanzees. 
Adv Stiid Behav 35: 275-331. 

20. Wilson M, Wrangham R (2003) Intergroup relations in chimpanzees. Ann Rev 
Antiiro 32: 363-392. 

21. Pusey AE (1983) Mother-offspring relationships in chimpanzees after \veaning. 
Anim Behav 31: 36.3-377. 

22. Pusey AE, Ochlcrt GW, Williams JM, Goodall J (2005) The mflucnce of 
ecological and social factors on body mass of wild chimpanzees. Int Journal of 
Primatol 26: 3-31. 

23. Clark CB (1977) A preliminary report of weaiung among chimpanzees of the 
Gombe National Park, Tanzania. In: Chevalier-Skolnikoff S, Poirier FE, editors. 
Primate Biosocial Development: Biological, Social, and Ecological Determi- 
nants. New York, Garland Publishing. 235-260. 

24. Nicholson NA (1977) A comparison of early behavioral development in wild and 
captive chimpanzees. In: Chevalier-Skolnikolf S, Poirier FE, editors. Primate 
Biosocial Development: Biological, Social, and Ecological Determinants. New 
York, Garland Publishing. 592-560. 



Shender, Emma Finestone, Kim Foreit, and Laurie Spencer for data entry, 
Maggie Stanton for data querying, and Anne Pusey and Ian Gilby for long- 
term data archiving. We also thank Krista Casler and two anonymous 
reviewers for helpful comments on earlier versions of this manuscript. 
Permission and support to carry out research at Gombe was granted by the 
Government of Tanzania, Tanzania National Parks, Tanzania Commis- 
sion for Science and Technology, and Tanzania Wildlife Research 
Institute. 

Author Contributions 

Conceived and designed the experiments: EVL CMM ACM JG. 
Performed the experiments: EVL CMM JG MRH. Analyzed the data: 
EVL CMM ACM KEA DJC. Wrote the paper: EVL CMM ACM MRH 
DJC. 



25. Plooij FX (1984) The Behavioral Development of Free-Living Chimpanzee 
Babies and Infants. Norwood: Ablex. 

26. Rijt-Plooij HHC, Plooij FX (1987) Growing independence, conflict and learning 
in mother-infant relations in free-ranging chimpanzees. Behaviour 101: 1~86. 

27. Hiraiwa-Hasegawa M (1990) Maternal investment before weaning. In: Nishida 
T, editor. The Chimpanzees of Mahale. Tokyo: University of Tokyo Press. 
pp257-266. 

28. Brent L, Bramblctt CA, Bard KA, Bloomsmith MA, Blangcro J (1997) The 
infhicncc of siblings on wild chimpanzee social interaction. Behaviour 134: 
1189-1210. 

29. Lonsdorf EV, Pusey AE, Eberly L (2004) Sex differences in learning in 
chimpanzees. Nature 428: 715-716. 

30. Lonsdorf EV, Anderson KE, Stanton MA, Shender M, Heintz MR, Murray 
CM (2014) Boys will be boys: sex differences in wild infant chimpanzee social 
interactions. Anim Behav 88: 79—83. 

31. Wood SN (2006) Generalized Additive Models: An Introduction with R. 
Chapman & Hall/CRC. 

32. Smith TM, Machanda Z, Bernard AB, Donovan RM, Papakyrikos AM, Muller 
MN, and Wrangham RW (2013) First molar eruption, weaning, and life history 
in living wild chimpanzees. Proc Natl Acad Sei 110: 2787-2791. 

33. Hinde K (2009) Richer milk for soils but more milk for daughters: sex biased 
investment during lactation varies with maternal lite history in rhesus macaques. 
AmJ Hum Biol 21: 512-519. 

34. Hinde K, Milligan LM (2011) Primate milk synthesis: Proximate mechanisms 
and ultimate perspectives. Evol Anthropol 20: 9—23. 

35. Pusey AE, WiUiams J, GoodallJ (1997) The influence of dominance rank on the 
reproductive success of female chimpanzees. Science 277: 828—831. 

36. Boesch C, Kohou G, N6n6 H, Vigilant L (2006) Male competition and paternity 
in wild chimpanzees of the Tai' forest. AmJ Phys Anthropol 130: 103—115. 

37. Wroblewski EE, Murray CM, Keele BE, Sehumaeher-Stankey J, Hahn BH, 
Pusey AE (2009) Male dominance rank and reproductive success in 
chimpanzees, Pan troglodytes schivein/ini/m. Anim Behav 77: 873—885. 

38. Meredith SL (2013) Identifying proximate and ultimate causation in the 
development of primate sex-typed social behavior. In: Clancy KBH, Hinde K, 
Rutherford JN, editors. Building Babies: Primate Development in Proximate and 
Ultimate Perspective. Springer. 411-433. 

39. FOrster S, Cords M (2005) Socialization of infant blue monkeys (Cercopithecus mitis 
stuhlmami): allomaternal interactions aind sex differences. Behaviour 142: 869- 
896. 

40. Owens N (1975) Social play behaviour in free-living baboons. Anim Behav 23: 
387 408. 

41. Brown (jR, Dixson AE (2000) The development of behavioural sex differences in 
infant Rhesus macaques {Aiacaca mulatto). Primates 41: 6?)— 77. 

42. Gonnellan J, Baron-Cohen S, Wheelwright S, Batkia A, Ahluwalia J (2000) Sex 
difrerenees in human neonatal social perception. Infant Beh Dev 23: 113-118. 

43. HavilandJJ, Malatcsta CZ (1981) The development of sex differences in non- 
verbal signals: Fallacies, facts, and fantasies. In: Mayo C and Henley NM, 
editors. Gender and nonverbal behavior. New York: Springer-Verlag. 183—208. 

44. Berman PW, Monda LC, Myerscough RP (1977). Sex differences in young 
children's responses to an infant: an observation within a day-care setting. Child 
Development 48, 711-715. 

45. Goldberg S, Blumberg SL, Kriger A (1982) Menarche and interest in infants: 
biological and social influences. Child Dev 53: 1544—1550. 

46. Whiting BB, Edwards C^P (1988) Children of" Different Worlds: the Formation of 
Social Behavior. C^ambridge, MA: Harvard University Press. 

47. Edwards C.T (1993) Behavioral sex differences in children of diverse cultures: the 
case of nurturance to infants. In: Pereira ME, Fairbanks LA, editors. Juvenile 
Primates: Life History, Development and Behavior, Chicago: University of 
Chicago Press. 327-338. 

48. Maccoby EE (1988) Gender as a social category. Dev Psych 24: 755-765. 



PLOS ONE I www.plosone.org 



8 



June 2014 I Volume 9 | Issue 6 | e99099 



Sex Differences in Wild Cliimpanzee Infant Development 



49. Roncy JR, Macstripicri D (2003) Social development and affiliation. In: 
Maestripieri D, editor. Primate Psychology. Cambridge: Harvard University 
Press. 171-204. 

50. ZihlmEm A, Bolter D, Boesch C (2004) Wild chimpanzee dentition and its 
implications for assessing life history in immature hominin fossils. Proc Nad 
Acad Sci USA 101: 10541-10543. 

51. Campbell DW, Eaton WO (1999) Sex differences in the activity level of infants. 
Infant Child Dcv 8: 1-17. 

52. Almli CR, Ball RH, Wheeler ME (2001) Human fetal and neonatal movement 
patterns: gender differences and fetal-to-neonatal continuity. Dev Psychobiol 38: 
252-73. 



53. WHO Multicentre (Growth Reference Study (}roup (2006) Assessment of sex 
differences and heterogeneity in motor milestone attainment among populations 
in the WHO Multicentre Growth Reference Study. Acta Pasdiatrica, Suppl 450: 
66-75. 

54. Thomas JR, French KE (1985) Gender difiFerences across age in motor 
performance: a meta-analysis. Psych Bull 98: 260-282. 

55. Ginsburg HJ, Miller SM (1982) Sex differences in children's risk-taking 
behavior. Child Dev 53: 426-^28. 



PLCS ONE I www.plosone.org 



9 



June 2014 I Volume 9 | Issue 6 | e99099 



